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ABSTRACT 

I n  t h e  LEM as c u r r e n t l y  con f igu red ,  l o s s  o f  a s i n g l e  X 
a x i s  RCS t h r u s t e r  would n e c e s s i t a t e  m i s s ion  a b o r t ,  s i n c e  l o s s  o f  
one a d d i t i o n a l  t h r u s t e r  cou ld  be  c a t a s t r o p h i c ,  The LEM RCS sys tem 
use s  16  t h r u s t e r s ,  mounted as f o u r  e q u a l l y  spaced quads ,  each  con- 
t a i n i n g  two X t h r u s t e r s ,  and one Y and one Z t h r u s t e r .  I n  each  
quad, independen t  b u t  i n t e r c o n n e c t e d  f u e l  sys tems supp ly  a n  X 
t h r u s t e r  p a i r e d  w i t h  a Y o r  Z t h r u s t e r .  An X t h r u s t e r  may be l o s t  
by d i r e c t  f a i l u r e  o r  by a f a i l u r e  o f  a  p a i r e d  Y o r  Z t h r u s t e r  which 
n e c e s s i t a t e s  f u e l  s h u t o f f  t o  t h e  p a i r .  I n  e i t h e r  c i rcumstance ,  
m i s s ion  a b o r t  i s  nece s sa ry  because  c e r t a i n  o t h e r  s i n g l e  t h r u s t e r  
f a i l u r e s  cou ld  l e a d  t o  l o s s  of  a t t i t u d e  c o n t r o l .  

MSC and GAEC have recogn ized  t h i s  problem f o r  some t ime  
and a r e  working t o  p rov ide  a d e t e c t i o n  sys tem t o  pe rmi t  t i m e l y  
r e c o g n i t i o n  o f  and response  t o  t h r u s t e r  and o t h e r  RCS f a i l u r e s .  
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MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

T h i s  memorandum p r e s e n t s  t h e  r e s u l t s  o f  a  s t u d y  conduc ted  
i n  r e s p o n s e  t o  t h e  f o l l o w i n g  a c t i o n  i t e m :  

" I n v e s t i g a t e  r e p o r t  t h a t  f a i l u r e  o f  one (LEM) 
RCS t h r u s t e r  would r e q u i r e  m i s s i o n  a b o r t .  " 

The c r i t i c a l  t h r u s t e r  f a i l u r e s  i n  t h e  LEM RCS a r e  f i r s t  
i d e n t i f i e d  u s i n g  a t h r u s t e r  u t i l i z a t i o n  m a t r i x .  T h i s  i s  f o l l o w e d  
by a q u a l i t a t i v e  a s ses smen t  o f  t h e  impac t  o f  t h e s e  c r i t i c a l  f a i l u r e s  
d u r i n g  t h e  v a r i o u s  p h a s e s  o f  t h e  LEM m i s s i o n .  P o s s i b l e  a l t e r n a t e  
methods o f  c o n t r o l  a r e  d i s c u s s e d  b r i e f l y  and t h e  c u r r e n t  s t a t u s  o f  
a LEM RCS f a i l u r e  d e t e c t i o n  sys t em i s  rev iewed .  F i n a l l y ,  recom- 
menda t ions  a r e  p r e s e n t e d  c o n c e r n i n g  t h e  i d e n t i f i c a t i o n  o f  f a i l u r e  
d e t e c t i o n  sys t em r e q u i r e m e n t s  and t h e  i m p l e m e n t a t i o n  o f  such  a 
sys t em.  

Problem D e f i n i t i o n  

The f u n c t i o n a l  r e q u i r e m e n t s  o f  t h e  LEM RCS i n c l u d e  
o r i e n t a t i o n ,  t r a n s l a t i o n  maneuvers ,  t h r u s t  v e c t o r  misa l ignment  com- 
p e n s a t i o n ,  p r o p e l l a n t  s e t t l i n g  i m p u l s e s ,  and  f i n e  and c o a r s e  l i m i t  
c y c l e  o p e r a t i o n  f o r  a t t i t u d e  h o l d .  The sys t em i s  i n  i n t e r m i t t e n t  
u s e  d u r i n g  d e s c e n t ,  a s c e n t ,  and t h e  rendezvous  and  dock ing  maneuvers .  

The LEM RCS u s e s  s i x t e e n  100 1bF t h r u s t e r s  d i s t r i b u t e d  
i n  f o u r  e q u a l l y  s p a c e d  quads  as i l l u s t r a t e d  i n  F i g u r e  1. The 
t h r u s t e r s  a r e  d i v i d e d  e q u a l l y  be tween two i n d e p e n d e n t  b u t  i n t e r -  
connec ted  p r o p e l l a n t  s u p p l y  sys t ems  i n d i c a t e d  i n  F i g u r e  1 by t h e  
System A and System B d e s i g n a t i o n .  I n  a d d i t i o n ,  t h e s e  two sys t ems  
have  a c r o s s f e e d  c o n n e c t i o n  w i t h  t h e  main a s c e n t  p r o p e l l a n t  t a n k s .  
Each p r o p e l l a n t  s u p p l y  sys t em f e e d s  two t h r u s t e r s  i n  e a c h  quad:  one 
X t h r u s t e r  and one Y o r  Z t h r u s t e r .  P r o p e l l a n t  v a l v e s  a r e  l o c a t e d  
ups t r eam from e a c h  p a i r  o f  t h r u s t e r s  f o r  u s e  i n  i s o l a t i n g  f a i l e d  
t h r u s t e r s .  

Two c a t e g o r i e s  o f  f a i l u r e s  must b e  c o n s i d e r e d :  t h o s e  
i n v o l v i n g  one o r  t h e  o t h e r  o f  t h e  i n d e p e n d e n t  s u p p l y  sys t ems  and 
t h o s e  i n v o l v i n g  i n d i v i d u a l  t h r u s t e r s ,  Supply sys t em f a i l u r e s  due 
t o  b l o c k a g e ,  l e a k a g e ,  o r  r u p t u r e  1 
o f  a l l  t h e  t h r u s t e r s  i n  one sys t em 



L i j 7 i ; i  D? thrlr lsri  from inc l iv jd i i s l  t h r u s t e r s  is o f  p r imary  
i . n t e r e s t  h e r e .  T n r u s t  l o s s  f r r o n ~  a s i i l g l e  t h r u s t e r .  can resu l ' c  from 
a direct t o  f l r e  o r  i n d i r e c t l y  due t o  manual a c t i v a t i o n  of  
t h e  p r o p e l l a n t  v a l v e s  t o  f s o l a t e  o t h e r  f a i l u r e s ,  Manual i s o l a t i o n  
would r e s u l t  i n  t h e  l o s s  o f  two t h r u s t e r s ,  F a i l u r e  mod.es would 
i n c l u d e  f a i l  u r e  open o r  c l o s e d  of" t h e  t h r u s t  chamber p r o p e l l a n t  
v a l v e s ,  v a l v e  l e a k a g e ,  o r  mechan ica l  damage t o  t h e  v a l v e s .  I n  
a d d i t i o n ,  f a i l u r e s  i n  t h e  R C S  C o n t r o l  System, i n c l u d i n g  t h e  t h r u s t e r  
s e l e c t  l o g i c ,  can r e s u l t  i n  p o s s i b l e  i s o l a t i o n  o f  t h r u s t e r s ,  

The LEM RCS t , h r u s t e r  u t i l i z a t i o n  m a t r i x  o f  Tab le  1, de- 
r i v e d  fram F' igure 1, i l l u s c r a t e s  t h e  u t i l i z a t i o n  of t h e  1 6  t h r u s -  
t e r s  i n  o b t a i n i n g  v a r i o u s  mot ions  and a l s o  t h e  d i s t r i b u t i o n  of  
t h r u s t e r s  between t h e  two s u p p l y  s y s t e m s .  Tab le  1 shows t h a t  t h e  
f a i l u r e  o f  p a r t i c u l a r  p a i r s  o f  X d i r e c t i o n  t h r u s t e r s  would r e s u l t  
i n  l o s s  o f  r o t a t i a n a l  c o n t r o l  about  a x e s  t h r o u g h  d i a g o n a l l y  o p p o s i t e  
t h r u s t e r  quads .  I n  l i g h t  o f  t h e  program r e q u i r e m e n t  ( 1 )  t h a t  no 
s i n g l e  f a i l u r e  s h a l l ,  i n  t h e  e v e n t  o f  a  second  f a i l u r e  i n  t h e  same 
a r e a ,  p r e v e n t  a s u c c e s s f u l  a b o r t  of t h e  m i s s i o n ,  i t  f o l l o w s  t h a t  t h e  
f a i l u r e  o f  a  s i n g l e  X t h r u s t e r  would be  c r i t i c a l  and cause  f o r  a b o r t  
b e f o r e  t h e  f a i l u r e  o f  a  second  t h r u s t e r .  F u r t h e r ,  because  o f  t h e  
p a i r i n g  o f  e a c h  X t h r u s t e r  w i t h  one o f  t h e  Y o r  Z t h r u s t e r s  t h r o u g h  
a s i n g l e  i s o l a t i o n  v a l v e ,  t h e  f a i l u r e  on o f  a Y o r  Z t h r u s t e r  and 
i t s  s u b s e q u e n t  i s o l a t i o n  a l o n g  w i t h  an X t h r u s t e r  would a l s o  be  
c a u s e  f o r  a b o r t .  Tab le  1 a l s o  shows t h a t  +Y and +Z t r a n s l a t i o n s  
a r e  a l s o  c r i t i c a l l y  dependent  on o n l y  two F h r u s t e r s .  F u r t h e r ,  +Y 
and -Y t r a n s l a t i o n s  a r e  dependent  upon two t h r u s t e r s  i n  t h e  same 
p r o p e l l a n t  s u p p l y  sys t em.  

The l o s s  o f  h a l f  t h e  t h r u s t e r s  ( i . e . ,  one o f  t h e  two pro-  
p e l l a n t  s u p p l y  s y s t e m s )  r e s u l t s  i n  t h e  l o s s  o f  pu re*  Z t r a n s l a t i o n , $  
one Y t r a n s l a t i o n a l  d i r e c t i o n ,  and degraded  r o t a t i o n a l  c o n t r o l  abou t  
t h e  d i a g o n a l  a x e s .  

I n  summary, t h e  c r i t i c a l  i n d i v i d u a l  t h r u s t e r  f a i l u r e  
modes and t h e  r ema in ing  c o n t r o l  c a p a b i l i t i e s  which a r e  dependent  
on t h e  c o n t i n u e d  o p e r a t i o n  of  a  s i n g l e  t h r u s t e r  a r e :  

(1) l o s s  o f  X t h r u s t e r  and r o t a t i o n a l  c o n t r o l  abou t  
d i a g o n a l  axes  due t o :  

( a )  d i r e c t  f a i l u r e  o f  X t h r u s t e r ,  

( b )  i s o l a t i o n  w i t h  a f a i l e d  Y o r  Z t h r u s t e r ;  

*Pure meaning t r a n s l a t i o n  w i t h o u t  a  r o t a t i o n a l  component o r  
r o t a t i o n  w i t h o u t  a t r a n s l a t i o n a l  component. 



(2) l o s s  o f  Y o r  Z t h r u s t e r  and Y o r  Z t r a n s l a t i o n  c o n t r o l  
due t o :  

( a )  d i r e c t  f a i l u r e  o f  Y o r  Z t h r u s t e r ,  

( b )  i s o l a t i o n  w i t h  a f a i l e d  X t h r u s t e r .  

The l o s s  o f  e i g h t  t h r u s t e r s  due t o  a p r o p e l l a n t  s u p p l y  sys tem 
f a i l u r e  r e s u l t s  i n :  

(1) d i a g o n a l  a x i s  r o t a t i o n a l  c o n t r o l  and + Z  a x i s  t r a n s -  
l a t i o n  b e i n g  dependent  on c ' n g l e  t h r u r t e r  o p e r a t i o n ,  
and 

(2) a t o t a l  l o s s  o f  +Y o r  -Y a x i s  t r a n s l a t i o n  c o n t r o l  
c z p a b i l i t y  . 

Impact  o f  RCS F a i l u r e s  on t h e  Miss ion  

C o n t r o l  a b o u t  a x e s  i n  t h e  Y-Z p l a n e ,  i n c l u d i n g  t h e  
d i a g o n a l  a x e s  between quads ,  i s  p a r t i c u l a r l y  i m p o r t a n t  d u r i n g  
a s c e n t  when a s c e n t  e n g i n e  t h r u s t  misa l ignment  must b e  c o u n t e r -  
a c t e d  by t h e  RCS. Normally,  t h e  t l i : - i is ters  a r e  used  i n  p a i r s  t o  
produce  r o t a t i o n a l  c o n t r o l  abou t  t h e s e  a x e s ,  b u t  d u r i n g  a s c e n t  
t h e  u s e  o f  s i n g l e  X t h r u s t e r s  t o  c o r r e c t  a t t i t u d e  a l s o  c o n t r i b u t e s  
t o  t h e  a v a i l a b l e  AV c a p a b i l i t y .  

, D u r i n g  d e s c e n t ,  compensa t ion  f o r  t h e  o f f s e t  c e n t e r  o f  
g r a v i t y  i n  t h r u s t  v e c t o r  misa l ignment  i s  r e a l i z e d  by g i m b a l l i n g  
t h e  d e s c e n t  e n g i n e .  The g i m b a l l i n g  r a t e  (0 .2O/sec)  i s  t o o  small 
t o  a c t  as an  e f f e c t i v e  c o n t r o l  t o r q u e  i f  two X t h r u s t e r s  s h o u l d  
f r ~ i l  and any s i z a b l e  d i s t u r b i n g  t o r q u e  i s  i n t r o d u c e d .  

No l e s s  i m p o r t a n t  i s  t h e  f a c t  t h a t  t h e  LEM c a p a b i l i t y  
t o  comple te  a c t i v e  r endezvous  and dock ing  i s  degraded  w i t h o u t  
f u l l  a t t i t u d e  c o n t r o l .  The CSM does  have a r e s c u e  c a p a b i l i t y  
which c o u l d  be  used  i n  t h e  e v e n t  of LEM RCS t r a n s l a t i o n  f a i l u r e s ;  
however,  i t  i s  n o t  c l e a r  t h a t  dock ing  c o u l d  be  e f f e c t e d  by t h e  
CSM i f  t h e  LEM h a s  l o s t  r o t a t i o n a l  c o n t r o l  c a p a b i l i t y .  

The f a i l u r e  o f  any t h r u s t e r  c l o s e d  a t  any t i m e  l e a d s  
t o  degraded  c o n t r o l  and t h e  i n e f f i c i e n t  u s e  o f  p r o p e l l a n t s ,  An 
u n c o r r e c t e d  f a i l u r e  open a t  any t i m e  l e a d s  t o  an  a c c e l e r a t e d  r a t e  
o f  p r o p e l l a n t  u sage .  Two t y p e s  o f  p r o p e l l a n t  l o s s  f a i l u r e s  i n  a 
s i n g l e  sys t em can  g r e a t l y  d e g r a d e  pe r fo rmance .  One i s  t h e  l o s s  o f  
p r o p e l l a n t  f rom one o f  t h e  i n d e p e n d e n t  s u p p l y  sys t ems  due t o  f a i l -  
u r e  c l o s e d  o r  b l o c k a g e  o f  t h e  main s h u t o f f  v a l v e ,  r u p t u r e  o f  t h e  
t a n k ,  o r  l e s s  l i k e l y ,  f a i l u r e  c l o s e d  o f  t h e  p r e s s u r i z a t i o n  s e c t i c n  
which i s  p a r a l l e l / s e r i e s  , r edundan t .  I n  t h i s  c a s e  t h e  i s o l a t i o n  



v a l v e s  a r e  o f  no  v a l u e .  The o t h e r  t y p e  i s  a f a i l u r e  i n  t h e  m a n i f o l d  
s e c t i o n  downstream o f  t h e  s h u t o f f  v a l v e  r e s u l t i n g  i n  l o s s  o l  a l l  
e i g h t  t h r u s t e r s .  I f  t h e  f a i l u r e  i s  d e t e c t e d ,  i t  may be p o s s i b l e  t o  
s a v e  t h e  p r o p e l l a n t s .  These  f a i l u r e s  and  t h e i r  impact  have  been  
i d e n t i f i e d  i n  t h e  Apo l lo  M i s s i o n  P l a n n i n g  Task Force  (AMPTF) Con- 
t i n g e n c y  A n a l y s i s  f o r  t h e  LEM. ( 2 )  

Another  AMPTF s t u d y  ( 3 )  i n d i c a t e s  t h a t  RCS p r o p e l l a n t  
l o a d i n g s  a r e  more t h a n  a d e q u a t e  f o r  a w o r s t  nominal  m i s s i o n  and 
meet a b o r t  m i s s i o n  r e q u i r e m e n t s  i n  t h e  e v e n t  o f  a s i n g l e  sys t em 
f a i l u r e  i f  a CSM r e s c u e  c a p a b i l i t y  i s  a v a i l a b l e .  

Depending on t h e  f i n a l  c o n f i g u r a t i o n  o f  t h e  p r i m a r y  LEM 
g u i d a n c e  sys t em,  a d e t e c t i o n  sys t em may b e  r e q u i r e d  t o  p r o v i d e  RCS 
t h r u s t e r  f a i l u r e  i n f o r m a t i o n  t o  t h e  g u i d a n c e  and  c o n t r o l  s y s t e m ,  
F o r  example ,  MIT i n c o r p o r a t e s  a p r e d i c t i o n  model i n  t h e  g u i d a n c e  
programming t h a t  i n f e r s  v e h i c l e  a n g u l a r  r a t e  from a knowledge o f  
v e h i c l e  dynamic b e h a v i o r  and  t h r u s t e r  f i r i n g  commands. It h a s  
been  shown t h a t  u n i d e n t i f i e d  t h r u s t e r  f a i l u r e s  can  a f f e c t  a d v e r s e l y  
t h e  e s t i m a t e  o f  t h e  r a t e  and t h e  d e s c e n t  e n g i n e ' s  moment o f f s e t  t o  
such  an  e x t e n t  t h a t  t h e  c o n t r o l  sys t em d i v e r g e s  and l a r g e  a t t i t u d e  
e r r o r s  r e s u l t .  I f  t h r u s t e r  f a i l u r e s  a r e  d e t e c t e d ,  t h e  t h r u s t e r  
s e l e c t  l o g i c  and t h e  p r e d i c t i o n  model c o u l d  be  a d j u s t e d  t o  m a i n t a i n  
c o n t r o l .  

To summarize t h e  impac t  o f  t h e s e  f a i l u r e s ,  i t  i s  c l e a r  
t h a t  t h e  l o s s  o f  a Y t h r u s t e r  f o r  any m a s o n ,  and t h e  f a i l u r e  o f  a  
Y o r  Z t h r u s t e r  on ,  and t h e  a s s o c i a t e d  l l i s o l a t i o n "  l o s s  o f  an  X 
t h r u s t e r ,  would be  c a u s e  f o r  m i s s i o n  a b o r t .  The f a i l u r e  o f f  o f  a  
Y o r  Z t h r u s t e r  ( i . e . ,  w i t h o u t  r e q u i r i n g  i s o l a t i o n  and l o s s  o f  an 
X t h r u s t e r )  i s  l e s s  s e r i o u s  s i n c e  t h e  s u b s e q u e n t  l o s s  o f  a n o t h e r  
s p e c i f i c  t h r u s t e r  would r e s u l t  o n l y  i n  t h e  l o s s  o f  t r a n s l a t i o n  
c o n t r o l  i n  Y o r  Z .  While i t  i s  n o t  c l e a r  t h a t  l o s s  o f  t h i s  l a t t e ~  
c a p a b i l i t y  c o u l d  r e s u l t  i n  crew l o s s ,  i t  i s  n e v e r t h e l e s s  a s e r i o u s  
l o s s .  

A l t e r n a t e  C o n t r o l  Methods 

There  a r e  s e v e r a l  a l t e r n a t e  s o u r c e s  o f  c o n t r o l  t o r q u e s  
which might  b e  c o n s i d e r e d  as backup c o n t r o l  methods.  The f i r s t  
u s e s  t h e  f a c t  t h a t  t h e  c e n t e r  o f  g r a v i t y  o f  t h e  LEM i s  a lways  i n  
o r  below t h e  p l a n e  o f  t h e  t h r u s t e r  q u a d s .  I g n o r i n g  t h e  minor  
( u s u a l l y  < 1") d i s p l a c e m e n t  from t h e  X a x i s ,  t h e  c e n t e r  o f  g r a v i t y  
moves i n  a +X d i r e c t i o n  from s t a t i o n  188  a t  LEM/CSM s e p a r a t i o n  t o  
218 a t  l u n a r  touchdown, t o  244 a t  l u n a r  l a u n c h ,  t o  254 a t  com- 
p l e t i o n  o f  d o c k i n g " ( 4 ) .  The l a t t e r  s t a t i o n  i s  i n  t h e  quad p l a n e ,  

"Values f o r  32,000 l b  LEM 



These d i s p l a c e m e n t s  p r o v i d e  a moment arm abou t  t h e  c e n t e r  of  
g r a v i t y  f o r  t h r u s t e r s  i n  t h e  Y Z  p l a n e  o f  f rom approximadcely 5 1/2 
f e e t  t o  3 f e e t  d u r i n g  d e s c e n t  and from l e s s  t h a n  one f o o t  t o  z e r o  
d u r i n g  a s c e n t .  By f i r i n g  t h e  Y and Z t h r u s t e r s  i n  a quad,  t o r y ~ e s  
o f  f rom 770 t o  420 f t .  l b F  c o u l d  be  deve loped  abou t  t h e  d i a g o n a l  
a x e s  d u r i n g  d e s c e n t .  (The nominal  coup led  j e t  t o r q u e  i s  l l O O  f t , l b F , )  
The maximum t o r q u e  d u r i n g  a s c e n t  would be  140 f t . l b F ,  f a l l i n g  t o  z e r o  
a t  dock ing .  These mot ions  do n o t  p r o v i d e  p u r e  r o t a t i o n ,  o f  c o u r s e ,  

Gyroscopic  c o u p l i n g  e f f e c t s  c o u l d  be  u t i l i z e d  t o  o b t a i n  
some s m a l l  amount o f  r o l l  c o n t r o l  abou t  t h e  d i a g o n a l  a x e s ,  Simul- 
t a n e o u s  p i t c h  and yaw mot ion  would c o u n t e r a c t  unwanted r o l l  mot ion ,  
f o r  example.  U n f o r t u n a t e l y ,  t h e  c o u p l i n g  t e rms  i n v o l v e  d i f f e r e n c e s  
o f  LEM moments o f  i n e r t i a  which a r e  n u m e r i c a l l y  s i m i l a r  and t h e  r e -  
s u l t i n g  e f f e c t  i s  more t h a n  an  o r d e r  o f  magni tude  l e s s  t h a n  t h a t  o f  
coup led  t h r u s t e r s .  "Sp in  s t a b i l i z i n g t '  t h e  LEM abou t  t h e  X a x i s  d u r i n g  
a s c e n t  i n  t h e  e v e n t  o f  l o s s  o f  c o n t r o l  t h r u s t e r s  h a s  been  p r o p o s e d ,  
Q u a n t i t a t i v e  c a l c u l a t i o n s  o f  t h e  n e c e s s a r y  yaw r a t e s  need  t o  be  made 
t o  d e t e r m i n e  t h e  u s e f u l n e s s  o f  t h i s  c o n t r o l  and w h e t h e r  o r  n o t  i t  
i s  c o m p a t i b l e  w i t h  t h e  g u i d a n c e  sys t em.  

A t h i r d  p o s s i b i l i t y ,  a l t h o u g h  remote ,  i n v o l v e s  p o s i t i o n i n g  
one a s t r o n a u t  w i t h i n  t h e  LEM p r i o r  t o  l u n a r  l a u n c h  such  a s  t o  s h i f t  
t h e  c e n t e r  o f  g r a v i t y .  The s h i f t  would e f f e c t i v e l y  d e v e l o p  a  t o r q u e  
t o  o f f s e t  a t o r q u e  l o s s  due t o  a f a i l e d  t h r u s t e r ,  

RCS F a i l u r e  D e t e c t i o n  System S t a t u s  

The c r i t i c a l  n a t u r e  o f  a s i n g l e  t h r u s t e r  f a i l u r e  h a s  been  
known f o r  some t i m e  and h a s  been a  pr ime c a u s e  b e h i n d  p r o p o s a l s  t o  
i n c l u d e  a f a i l u r e  d e t e c t i o n  sys t em i n  t h e  LEM. On J u l y  9 ,  1965,  
Grurnrnan was g i v e n  d i r e c t i o n  by TWX t o  p r o c e e d  w i t h  i m p l e m e n t a t i o n  
o f  such  a sys t em.  A r ev iew o f  documenta t ion  a s s o c i a t e d  w i t h  t h e  
problem of  RCS f a i l u r e s  and t h e i r  d e t e c t i o n  shows t h a t  c o r i s i d e r a b l e  
d i s c u s s i o n  between MSC and GAEC and w i t h i n  MSC d u r i n g  t h e  p a s t  y e a r  
conce rned  t h e  t y p e  of  t h r u s t e r  f a i l u r e  s e n s o r  t o  b e  u s e d :  p r e s s u r e  
s e n s o r s  as opposed t o  f o r c e  s e n s o r s ,  O b j e c t i o n s  t o  t h e  u s e  o f  
p r e s s u r e  t r a n s d u c e r s  have been  r a i s e d  b a s e d  p r i m a p i l y  on r e l i a b i l i t y  
c o n s i d e r a t i o n s  tempeyed by o p e r a t i o n a l  e x p e r i e n c e .  There  a p p e a r s  
t o  be  g e n e r a l  agreement  t h a t  s e n s o r s  a r e  n o t  r e q u i r e d  on a l l  pro-  
p e l l a n t  l i n e s  ( a s  o r i g i n a l l y  p r o p o s e d )  s i n c e  t h i s  would on ly  a s s i s t  
i n  l e a k  i s o l a t i o n  which can  be  accompl5shed w i t h  an  i n s i g n i f i c a n t  
i n c r e a s e  i n  o p e r a t i o n a l  p r o c e d u r e s ,  

The d i r e c t i o n  from ASP0 t o  GAEC s t i p u l a t e d  t h e  removal  
o f  t h e  p r o p e l l a n t  l i n e  t r a n s d u c e r s  and t h e  u s e  o f  f o r c e  s e n s o r s  a s  
opposed t o  p r e s s u r e  s e n s o r s .  The development  o f  t h e  f o r c e  t r a n s -  
d u c e r  i s  now i n  p r o g r e s s  a t  MSC. 



It i s  i n t e r e s t i n g  t o  n o t e  t h a t  p r e l i m i n a r y  on-board 
i n s t r u m e n t a t i o n  and t e l e m e t r y  r e q u i r e m e n t s  f o r  f a i l u r e  a n a l y s i s  
o f  t h e  LEM RCS sys tem on t h e  ground have been  documented, The 
s u p p o s i t i o n  was t h a t  such  i n s t r u m e n t a t i o n  would be n e c e s s a r y  i f  
an  on-board d e t e c t i o n  s y s t e m  were n o t  i n c l u d e d ,  

Conc lus ions  

(1) The a c t i o n  i t e m  s t a t e m e n t  t h a t  f a i l u r e  o f  one LEM RCS 
t h r u s t e r  c o u l d  r e q u i r e  m i s s i o n  a b o r t  h a s  been  conf i rmed ,  

( 2 )  MSC h a s  r e c o g n i z e d  t h i s  problem and i s  p r e s e n t l y  imple-  
men t ing  a f a i l u r e  d e t e c t i o n  s y s t e m  f o r  t h e  LEM RCS sys tem,  
The d e t e c t i o n  sys t em w i l l  n o t  a l l e v i a t e  t h e  problem b u t  
w i l l  p r o v i d e  a  means f o r  t i m e l y  c o r r e c t i v e  a c t i o n ,  

( 3 )  A r e v i e w  of o t h e r  Apo l lo  Program r e a c t i o n  c o n t r o l  
s y s t e m s  s h o u l d  be  conduc ted  t o  d e t e r m i n e  any o t h e r  
r e q u i r e m e n t  f o r  f a i l u r e  d e t e c t i o n  s y s t e m s ,  
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